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1 | INTRODUCTION

Cutaneous metastases from breast carcinoma (CMBC) involve the
dermis or subcutaneous tissue." Breast cancer is the most common solid
tumor that causes cutaneous metastases, representing 24%-50% of
these patients.>®> CMBC is different from both locally advanced breast

cancer (LABC) and inflammatory breast cancer (IBC), which have

Cutaneous metastases (CM) are neoplastic lesions involving the dermis or
subcutaneous tissues, originating from another primary tumor. Breast cancer is
commonest primary solid tumor, representing 24%-50% of CM patients. There is no
“standard of care” on management. In particular, the role of surgery in the treatment
of cutaneous metastases from breast carcinoma (CMBC) remains controversial. This
systematic review evaluates the role of cutaneous metastasectomy in breast cancer

and provides an overview of existing treatment types.

breast cancer, cutaneous metastases, dermal metastases, metastasectomy, surgery

different patho-etiologies. LABC involves extension of the primary
tumor into the soft tissue and skin, often presenting as a “fungating
breast mass” (Figure 1). These patients are frequently in denial about
their disease and usually present very late.” IBC is a subset of LABC that
is highly angioinvasive and presents with breast erythema, edema, and/
or a peau d'orange appearance (Figure 2)° This may occur in the absence

of a palpable breast mass.”

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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FIGURE 1 Locally advanced left breast cancer presenting with
a fungating mass, due to significant delay in seeking treatment

FIGURE 2 This patient shows the typical skin erythema
associated with inflammatory breast cancer. There is often also a
peau d'orange appearance

Presentation and diagnosis of CMBC are often delayed or missed
because the clinical signs are highly variable and often look benign.
These include rashes, nodules, plaques, papules, pigmented lesions, and
inflammatory skin changes (Figure 3A-D).%® They may present close
(Figure 3C), or distant (Figure 3D), to the primary breast cancer or
mastectomy site; however, they most commonly present on the chest
wall (Figure 3A,C), abdomen, and scalp.’ Less commonly, they arise on
the back (Figure 3D), upper arms (Figure 3C), and lower abdomen, with
rare cases occurring in the buttocks, perianal region, lower extremities,
and eyelids." Symptomatic lesions may present with wound drainage,
pain, and bleeding (Figure 4), adversely impacting patient quality of life.”
These skin manifestations may be related to breast cancer subtypes.’

As reported in one study, hormone receptor-positive cancers tend to
give rise to skin ulceration, triple-negative (TN) HER2 overexpressing
tumors more often involve soft tissue infiltration, and TN tumors most
frequently give rise to erythematous infiltration.® Cutaneous metastases
are believed to occur via lymphatic or vascular spread, typically as a
recurrence of primary cancer, as evidenced by the receptor status, or as
de novo disease.’?

CMBC may arise as the initial presentation of breast cancer, but
is often a late-stage condition after initial breast cancer diagnosis and
treatment.'® They are associated with a poor prognosis, particularly
when there are concomitant visceral metastases.*

Traditional teaching is that cutaneous metastases, in the setting
of any primary cancer, reflects widely disseminated disease.'?
Therefore, local surgical control is considered futile, conferring little
impact on overall survival.'? Following biopsy-confirmed diagnoses
of CMBC, conventional practice, though not evidenced-based, is to
begin systemic therapy. Local treatments are focused on palliation of
symptoms, such as wound care and hemostasis. Surgical excision, or
“cutaneous metastasectomy” is generally avoided.?

The concept of complete metastasectomy is established in other
cancers, most notably Stage 4 malignant melanoma.’® Melanoma is the
commonest primary cancer leading to cutaneous metastases.'* Histori-
cally, surgical excision of metastases was employed due to the lack of
effective drugs in melanoma. At that time, multicenter trials involving
surgical excision of metastases demonstrated favorable outcomes.'®
Since then, several new drug classes (such as BRAF and MEK pathway
inhibitors) have resulted in dramatic improvements in survival
outcomes.’® Despite this, there is emerging data showing a synergist
effect of combining surgical excision and systemic therapy.'® A recent
retrospective matched-pair analysis found that surgical resection
combined with systemic therapy, either upfront surgery followed by
systemic therapy or neoadjuvant chemotherapy followed by surgery,
conferred a survival benefit over systemic therapy alone (27 vs. 11.5
months median melanoma survival [MMS]).*?

In CMBC, it remains to be established whether surgical resection
provides any survival benefit. Furthermore, there are a large variety
of nonsurgical treatment options (local and systemic), currently in
use, but no comparative data is available. It is also unknown which
treatments are more effective. More importantly, it remains to be
determined whether any local treatment can both palliate symptoms
and provide “cytoreduction,” potentially leading to increased survival
or even curative treatment.’” This review primarily aims to address
the role of surgical excision in CMBC. We also introduce and
summarize the current literature on nonsurgical treatment modalities

used for cutaneous metastatic lesions in primary breast cancer.

2 | METHODS

This study was performed in accordance with preferred reporting
items for systematic reviews and meta-analysis (PRISMA) guidelines

for designing and implementing systematic review studies.*®
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FIGURE 3

(A) This shows a single nodule cutaneous metastases on the upper anterior chest 2 years after patient had unilateral lumpectomy

and radiation. The proposed elliptical excision in the dashed black line, with wide margins, can be closed after some undermining of tissues.
(B) This patient presented with subcutaneous nodules on the posterior lower trunk that could have been mistaken for mosquito bites. This area
is quite extensive and would not be easily amenable to closure. (C) This patient had cutaneous metastases presenting with numerous indurated
papules and plaques with ulcerated nodules over the right chest wall and right upper extremity. This is too extensive for surgical excision.
(D) This breast cancer patient presented with cutaneous metastases in the form of a large indurated nodular plague on the back. This is too

extensive for surgical excision

FIGURE 4 This patient had multiple cutaneous metastases
presenting as nodules after left mastectomy. Some of these were
bleeding, which prompted her to seek medical attention. She did have
visceral metastases and deemed not a surgical candidate. We
managed this with coagulation using topical silver nitrate

2.1 | Eligibility criteria
The search was restricted to articles in English, published between
January 1980 and January 2022, and reporting on human subjects or
animal models. Given the limited data in the literature, clinical trials,
randomized control trials, case reports, and case series were included.
The final search was completed on January 2, 2022.

A systematic literature search was conducted using SCOPUS and
MEDLINE (OVID), as well as by manually checking the reference lists
of retrieved articles and reviews, once relevance was determined.

2.2 | Search query

Search terms used include: “(cutaneous metastasis OR dermal
metastasis) AND (breast cancer OR breast neoplasm*),” “(dermal
neoplasm OR cutaneous neoplasm) AND (breast cancer OR breast
neoplasm*),” and “(cutaneous metastasis OR dermal metastasis) AND
(breast cancer OR breast neoplasm*) AND (DNA OR epigenomic OR
genomic OR proteomic OR sequence OR precision).”
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2.3 | Study selection

The titles, abstracts, and full texts were reviewed independently by two
readers (Samantha Huang and Wai-Yee Li) to determine eligibility. In all
instances, differences in opinion were resolved by discussion. Articles
were included if they reported on cutaneous metastases arising from
primary cancer of the breast. Articles that discussed non-cutaneous
metastases, non-breast primary cancers, or inflammatory breast cancer, as

well as those that did not discuss treatment, were excluded.

24 | Risk of bias
To assess for study bias, we assigned a level of evidence for each

study, based on the quality of study design and statistical validity.*’

2.5 | Data items/summary measures
Data obtained included year of publication, study design, study
objectives, patient age, time to presentation, modality used to treat

cutaneous metastases, response rate, and survival time.

3 | RESULTS

The database search from SCOPUS and MEDLINE (OVID) yielded
3219 unique titles. After screening titles and abstracts for
eligibility, 110 articles were identified for review (Figure 5).
A total of 1392 CMBC patients were represented in these
studies. There were 12 publications, involving 50 patients, that
were focused on surgical management of CMBC. Reports on
chemotherapy studies were most common, with 51 publications.
This was followed by electrochemotherapy (ECT) with 16
publications; radiation with 15 publications; aromatase inhibitors
with 13 articles and topical therapy with 10 studies. The other
treatment modalities had less publications; Photodynamic ther-
apy (PDT; n=number of publications=9); targeted therapy
(n=9), immunomodulators (n=3), and novel agents (n=2). An
overview of these studies is summarized in Table 1. A description
in Table 2. Study

characteristics, response rates, and outcomes are outlined in

of each treatment modality is outlined

Table 3 (all studies reporting on surgery) and Table 4 (selected
studies reporting on chemotherapy), and Table 5 (summary of
selected study outcomes from remaining nonsurgical treatment

modalities).

Records identified through
MEDLINE (OVID)
(n=1712)

Additional records identified
through SCOPUS

(n = 1886)

(n=3219)

Records after duplicates removed

Records screened
(n=3219)

Records excluded:
= Articles not pertaining to
cutaneous metastases
= Articles pertaining to
primary cancer other than

Full-text articles assessed
for eligibility
(n=286)

A 4

breast
(n=2933)

Full-text articles excluded
= Articles not discussing

A 4

treatment
(n=176)

Studies included in
qualitative synthesis
(n=110)

Studies included in
quantitative synthesis
(meta-analysis)
(n=110)

FIGURE 5 PRISMA flow diagram of articles retrieved and assessed for eligibility



HUANG ET AL

Jorvrnal s 221
GICAL ONC WILEY—‘—

TABLE 1 Summary of included studies

Treatment modality Number of studies

Chemotherapy 51
Electrochemotherapy 16
Surgery 12
Radiotherapy 15
Aromatase inhibitors 13
Topical therapy 10
Photodynamic therapy 9
Targeted therapy 9
Immunomodulators 3
Other novel agents 2

Total number patients
Breast cancer specific

*With Bevacizumab.

4 | SURGICAL MANAGEMENT IN CMBC

Surgery was reported as both a first-line and salvage treatment for
CMBC, in the form of mastectomies and local excision. Of the 12
publications reporting on surgical management (Table 3), only three
reports involved surgery alone. Nine studies involved a combination of
surgery and chemotherapy, and two of these also included radiation
after chemotherapy and surgery. Patients with solitary lesions were
more likely to be treated surgically than those with multiple cutaneous
lesions.?® Single lesions represent lower disease burden, and therefore
were more amenable to primary closure with the avoidance of complex
reconstruction. They were also considered to be less refractory to
recurrence after complete excision.'” Lesions in skin that were poorly
vascularized, or had prior radiation or surgery, were less likely to
be surgically removed due to concerns of impaired postoperative
healing.?”?°~?* Patients with delayed presentation and distant metasta-
ses were generally poor surgical candidates, and usually less aggressive
palliative therapy was chosen.?>%¢

The outcomes of surgical excision following primary breast
cancer treatment are limited to a few case reports and case series.
Two case reports by Santiago et al.>” and Varricchio et al.?° described
two patients who underwent mastectomies followed by myocuta-
neous flap reconstruction and adjuvant chemotherapy. These
patients remained disease-free up to 17 months after surgery.’®?’
In a case series by Salvadori et al.,%® local control was reported in 32
out of 39 patients who underwent tumor excision and adjuvant
chemotherapy. Of these patients, 21 remained alive and disease-free
throughout the median follow-up time of 48 months.?®

Additionally, two case reports discussed surgical excision of
cutaneous metastases arising in areas distant from the primary breast

cancer site. In one case report by Alizadeh et al.,”’ the patient had a

SURGICAL ONCOLOGY.

Longest follow-up period for

Patients (n) surviving patients (years)

305 18
440 1
50 8
113 4
14 9.7
155 0.5
102 1
79 3.8°
39 -
19 -
1674

1392

cutaneous recurrence to the scalp. She was treated with preoperative
chemotherapy followed by metastasectomy, skin graft, and radiation.
The patient was disease-free during the study's 3-year follow-up
period.?’ In another case report by Lam et al.*° the patient
underwent Mohs surgery for cutaneous metastases to the eyelid
and was found to have no local recurrence despite developing
systemic metastases in the following 3 years.*°

5 | NONSURGICAL THERAPIES IN CMBC

5.1 | Photodynamic therapy

PDT is a noninvasive light therapy applied to tissues that have been
pretreated with a photosensitizing agent, known as the “photo-
sensitizer.”*? The light activates the photosensitizing agent, which
stimulates reactive oxygen species, causing selective tumor cell
death.’”?'"23 The choice of light is dependent on the lesion and
photosensitizer used. Blue light, in the 400 nm range, is better suited
for superficial cutaneous lesions; while, red light (600 nm range) is
used for larger, bulkier tumors, requiring deeper penetration.>*

PDT was described in nine studies, representing 102 patients
from small prospective cohort studies and one clinical trial. The
complete response rate ranged from 11.1%°° to 92%>° and the
partial response rate ranged from 8%'%%¢ to 55.6%°> over a 6- to
12-month follow-up period.

Investigative studies have been performed using various pre-
treatment strategies and photosensitizers in an effort to improve
outcomes and minimize side effects. Pretreatment with systemic
vitamin D has been shown to increase tumor cell death in mouse

models undergoing PDT treatment with 5-aminolevulinate (ALA).
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Meso-tetra-(para-sulphophenyl)-porphin (TPPS,4) administered intra-
venously or intratumorally has been suggested to have a lower side
effect profile than the prototypical photosensitizer hematoporphyrin;
however, studies investigating TPPS, are limited.>”

PDT tends to demonstrate palliative improvement in small
lesions in the earlier stage of progression; however, it is less effective
in large, bulky, and highly symptomatic tumors.>* Its main side effect
is pain and requires posttreatment wound care, making it less suitable

for patients with extensive cutaneous metastases.

5.2 | Topical therapies

Topical therapies provide a noninvasive, accessible treatment that
patients can apply at home. This is especially beneficial for remote and
telehealth visits, as at the time of writing, we are experiencing a global
COVID-19 pandemic. Topical therapy has been demonstrated to be
effective as an adjuvant therapy and palliative measure in refractory
disease. Notably, it may alleviate symptoms for patients who cannot

tolerate the risks of surgery or more aggressive systemic therapy.

52.1 | Imiquimod

Imiquimod is an immunomodulator belonging to the imidazoquinoline
family, known for its use in dermatological diseases.*® It functions by
stimulating both innate and adaptive immunity, through the induction
of toll-like receptors (TLRs), cytokines, and apoptosis.*’

Recently, it has been used for cutaneous metastases, typically
administered as a 5% topical solution.”*° An in vivo study using mouse
models,*® found imiquimod to significantly inhibit tumor growth, when
compared to placebos. However, the effect was temporary, as all
subjects recurred within 65 days of the final imiquimod dose.*®
Additionally, they found synergistic effects by pretreating mice with
radiotherapy and cyclophosphamide, suggesting a multimodal approach
in delaying metastatic progression.*® In a clinical study by Salazar et al.**
conducted on 14 human subjects, a complete response to imiquimod
therapy was achieved in 36% (n = 5) of patients and partial response in
another 36% (n=5). Responses were maintained for 4-25 and 4-28
weeks, respectively.*’ The remaining patients had stable disease (21%,
n=3) or progressive disease (7%, n=1).** A case report by Henriques
et al.” described a rapid response to imiquimod in a patient whose
cutaneous metastases were poorly controlled by chemotherapy. This
patient was found to have regression of her skin lesions within 1 week
of starting imiquimod and an overall decrease in pain, which allowed her

to discontinue oxycodone therapy.”

5.2.2 | Oxygen flow-assisted topical administration
of methotrexate 5%

Oxygen flow-assisted topical administration of methotrexate 5%
(OFAMTX5%) uses oxygen to increase the permeability of the

of
SURGICAL ONCOLOGY.

epidermis, allowing greater penetration of topical agents.*? A recent
case report by Jouret et al.,*> used OFAMTX5% on a CMBC patient
who had failed treatment with systemic chemotherapy. In this
procedure, OFAMTX5% was administered using a Dermadrop device
(MEDDROP GMBH), which delivers oxygen flow simultaneously with
methotrexate, using a needle. After 2 months of OFAMTX5%, the
patient was in complete remission and remained disease-free during

the study's 6-month follow-up period.*?

5.2.3 | Topical 5-fluorouracil with cryotherapy

Topical 5-fluorouracil (5-FU) was reported in one case series by
Krishnasamy et al.*® In this series, two patients were treated with
topical 5-FU cream twice a day, in combination with cryotherapy
every 2 weeks, while still receiving chemotherapy and radiotherapy.
The proposed mechanism was a synergistic effect of 5-FU with
cryotherapy; whereby 5-FU's antitumor activity was induced by the
release of tumor antigens and local inflammatory markers.*®> The
patients reported palliation of cutaneous symptoms within 1 week

t.43

to 4 months of treatmen One patient saw cytoreduction at the

6-month follow-up period, while the second had complete resolution

of her lesions within 19 months of treatment.*®

5.24 | Miltefosine

Miltefosine is a topical cytostatic agent that has been shown to be
effective in cutaneous metastases from breast cancer and cutaneous
T-cell lymphoma.?? It is an alkyl-phosphocholine that targets the cell
membrane and inhibits protein kinase C, thereby halting cell
differentiation.”?***> In clinical trials, it has been used as a 6%
solution, applied to the skin one to two times daily.>**“*°> Response
rates ranged from 33% to 36% and median treatment times varied
from 10 to 14 weeks.??***> A multicenter Phase IlI trial performed
by Leonard et al.** found miltefosine had a significantly higher tumor
response rate when compared with placebos (33.3% vs. 4% complete
response rate, p=0.009). A Phase Il clinical trial performed by
Terwogt et al.,** found lesions less than 2 cm in diameter, or with
lymphangiectic infiltration, to be more responsive to therapy.

As an effector of miltefosine-induced apoptosis, topical cera-
mides were investigated in one prospective study as a topical
treatment.*® In this study by Jatoi et al.*® 1% ceramide cream was
applied to the skin twice a day in 13 patients. No significant tumor

response was found.*®

5.3 | Radiotherapy

Radiotherapy is another treatment option for CMBC that is widely
used and available.” lonizing radiation is delivered to the metastases,
generating free radicals that kill tumor cells by DNA damage. It is a
noninvasive method that can quickly palliate symptoms of cutaneous
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metastases, such as pain or bleeding from ulceration. However, it is
less effective in tumor debulking and is not curative.® Data specific to
CMBC are limited to case reports or small case series, but
demonstrate favorable outcomes.”**> Notably, radiation therapy is
well established in the care of primary cutaneous malignancies
including both melanoma and non-melanoma cancer.***”

In choosing a radiotherapy regimen, considerations regarding the
prior history of radiation to the skin should be considered, particularly
in breast cancer patients. A repeat course of irradiation in the same
area is associated with increased risk of serious toxicity, such as skin
ulceration or poor wound healing, and care must be taken to reduce
radiation doses appropriately.*’

With regard to dose and technique, radiation therapy for CMBC
is usually given using palliative fractionation schemes. For instance, a
course of 30 Gy in 10 fractions, 20 Gy in 5 fractions, or 8 Gy in a single
fraction, using either photons or electrons.*® For extensive or bulky
metastases or recurrence in the chest wall, a higher dose of up to 50 Gy
in 25 fractions, is also an option.*® Case series have reported improved
outcomes when combining radiation therapy with systemic therapy,
such as radio-sensitizing agent 5-FU®"*? or hyperthermia.”® Addition-
ally, topical arsenic (AS,O3) has been studied in one pilot study, as a
pretreatment adjuvant to radiotherapy in CMBC.>*

More than two decades ago, pulsed brachytherapy, used with a
flexible reusable skin mold, was reported. One study of 46 patients
achieved local control in 89% of patients with a median follow-up of
16 months.*” This technique has since fallen out of favor and is not
in regular use. A recent case report did report complete response in
cutaneous metastases from renal cell carcinoma for 7 months

(when patient died from primary disease).*®

Adjuvant radiation has
been reported to be successful after surgical excision but there were

no reports of neoadjuvant radiation before surgery.*®

5.4 | Chemotherapy
Systemic chemotherapy is often the first-line treatment for patients
with progressive disease and evidence of visceral metastases.”” No
specific chemotherapy regimen specific to CMBC has been reported,
with evidence limited to case reports or case series. These studies
report starting specific agents based on the extent of disease,
biological tumor markers, and previous breast cancer treatment
history.”®

Anti-HER2 agents were the most consistently studied chemo-
therapy agents for CMBC, used specifically for HER2 + breast cancer
patients. Of the 18 studies reporting on hormone status for CMBC
patients treated with chemotherapy, 15 reported on HER2 + patients.
In a case report by Giarratano et al.,” two patients saw complete
regression of their HER2 + skin lesions following the initiation of ado-
trastuzumab emtansine (TDM-1) up to the 87 and 135 weeks
follow-up time points. Kamaraju et al.°? reported on a HER2 +
CMBC patient whose cutaneous metastases were initially treated
with pertuzumab, docetaxel, and trastuzumab. After 2 years of
recurring cutaneous metastases, she was started on nab-paclitaxel

and trastuzumab, which led to the complete resolution of her skin
lesions.®? Noguchi et al.”® reported on a patient whose HER2 +
cutaneous metastases resolved after switching from trastuzumab
to lapatinib and remained lesion free by the end of the study's
34-month follow-up period. Pizzuti et al.”* also found complete
resolution of HER2 + CMBC, 2 months following the initiation
of lapatinib combined with capecitabine. The patient remained
lesion-free for the subsequent 22 months.

Eribulin was studied in one observational study, which cited the
drug's demonstrated safety in Phases Il and Il clinical trials for locally

% In this multicenter

advanced and metastatic breast cancer.
observational study involving 23 patients with a majority
HR + HER2- CMBC, eribulin led to a 26% complete response and
22% partial response rate. The remaining patients were either stable
(39%) or experienced disease progression (13%).°° The median
progression-free survival time was 4.3 months.”® The authors noted
improvement in ulceration, infiltration, smell, bleeding, and pain
throughout the duration of eribulin treatment.*°

Pegylated liposomal doxorubicin (PLD) with gemcitabine has
been shown to be effective in Phase Il trials for triple-negative breast
cancer (TNBC), with evidence for CMBC limited to one case report by
Franchina et al.’® In this study, complete regression and rapid
improvement of cutaneous TNBC metastases was noted after four
cycles of PLD in both patients.”> CMBC recurred after 12 months in
one patient, who was then re-started on PLD and gemcitabine.
However, due to poor compliance, treatment was stopped and the
patient's cutaneous metastases progressed along with additional

visceral metastases.”®

5.5 | Aromatase inhibitors

These are a type of oral hormone therapy used to decrease estrogen in
the body, in postmenopausal women. The use of aromatase inhibitors in
CMBC has been reported in thirteen case reports, noted to be
particularly effective in ER + disease.”® The most commonly cited drugs
were anastrozole and letrozole, which can be administered with Vitamin
D or calcium supplementation, to prevent the known osteoporotic side
effects.”® In six studies, anastrozole was used as the first-line therapy
after the onset of cutaneous metastases, typically as a 1-mg daily
dose.”®“°  Alternatively, aromatase inhibitors have been used as
maintenance therapy following disease control by traditional modalities
such as chemotherapy, radiotherapy, and surgery. This method was
reported in three case reports, which found all three patients to have
partial or complete regression of their skin lesions.?”¢*? All patients
were alive by the end of each study's follow-up period, which ranged

from 2 to 5 years.?’ 4142

5.6 | Immunomodulators/experimental

Immunotherapy involves the recruitment of immune cells to activate

tumor cell death. Apart from topical imiquimod therapy described
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above, multiple types of immunotherapy have been investigated as

experimental therapies.

5.6.1 | Lymphoid cell lymphokines

In an investigative study by Paradinas et al.,®

intralesional lymphoid
cell lymphokines (LCL-LK) were injected into cutaneous breast
metastases. This study found LCL-LK to be effective in promoting
tumor cell necrosis, demonstrating tumor reduction in 7 out of 10

lesions but none demonstrated complete resolution.®*

5.6.2 | Dendritic cell therapy

Intralesional dendritic cell therapy is another proposed immuno-
therapy that manipulates the broad antigen-presenting function of
dendritic cells.°* In a pilot study by Triozzi et al.,®* dendritic cells
derived from monocytes and macrophages administered intralesion-
ally into CMBC led to tumor regression in 6 out of 10 patients as
early as 4 days after injection. There is currently a clinical trial
recruiting to explore the use of vaccination of autologous dendritic
cells with onco-peptides with adjuvant cytokines in metastatic breast
cancer (https://clinicaltrials.gov/ct2/show/NCT00197925).

5.6.3 | Interferon therapy

Interferons (IFNs) have been evaluated as an intralesional injection
for CMBC in one study by Habif et al.°® In this prospective study,
nlFN-a was tested as a monotherapy and in combination with nIFN-y.
In the 12 patients receiving nIFN- a monotherapy, one lesion had
complete regression, 11 reduced in size, and 4 remained stable.®” In
the four patients treated with nIFN-a and nIFN-y combination

therapy, all lesions demonstrated partial regression.®”

5.7 | Electrochemotherapy
ECT is the application of electric pulses to increase the permeability
of tumor cells, improving the penetration of hydrophilic chemo-
therapy drugs. This local outpatient therapy results in increased
cytotoxicity of the drug, while minimizing systemic toxicities.®®°”
ECT has been gaining popularity as a palliative treatment for
CMBC.%®

Most commonly, ECT is used to deliver bleomycin, which is
injected intratumorally or intravenously, depending on the size of the
tumor. Intratumoral injection is used for tumors less than 3 cm?, while
intravenous injection is used for tumors larger than 3 cm? or in cases
of extensive cutaneous metastases.'”“”" 7% It is postulated that for
large, fibrotic tumors, cancer cells are more difficult to access via the
intratumoral route, resulting in decreased penetration and uneven

distribution of the drug.'”¢’

SURGICAL ONCOLOGY.

Outcomes for ECT are variable, as represented in 16 studies
totaling 440 patients. The complete response rate per total number
of lesions ranged from 33%’“ to 75.3%, and the partial response rate
ranged from 15%°° to 67%.”* Notably, response to treatment occurs
as early as 1 week to 1 month after the first treatment, with patients

reporting decreased symptoms of pain, exudate, and malodor.”*”¢

5.8 | Targeted therapy

5.8.1 | Bevacizumab

Bevacizumab is an anti-VEGF factor, designed to inhibit neoangio-
genesis in tumor cells. It is given as an intravenous infusion, usually
every 2-3 weeks. There are two publications reporting the use of
Bevacizumab in CMBC.”” In a case report by Gui et al.,”® the patient
saw a rapid improvement of cutaneous metastases up until the
46-month follow-up period. A retrospective study by Cottu et al.”’
resulted in skin necrosis and expansion of the skin lesions in 9 out of
12 patients. In addition to daily wound care, three of these patients
required surgical resection and flap reconstruction following a
4-week bevacizumab washout period to preserve the skin's healing
ability.”” Despite this study's small sample size, it demonstrates the
potentially deleterious effects of bevacizumab on wound healing;
therefore, further studies are needed to investigate its utility
in CMBC.

5.8.2 | Sunitinib

Sunitinib is a receptor tyrosine kinase inhibitor that is taken as a daily
oral capsule. A standard treatment regimen consists of 4 weeks of
treatment, followed by 2 weeks without treatment. Sunitinib has
been studied in two clinical trials in patients with metastatic and loco-
regionally recurrent breast cancer.””° Tyrosine kinase inhibitors are
a large family of receptors that include platelet-derived growth factor
receptors, fibroblast growth factor receptors, and vascular
endothelial-derived growth factors (VEGFs).”?®° They have an
established role in tumor growth and angiogenesis by disrupting
VEGF signaling using antibodies or antagonists.”” In a Phase Il clinical
trial by Yardley et al.,”’ a daily 37.5-mg oral dose achieved a
combined complete and partial response rate of 20% in the 15
patients presenting with cutaneous lesions. A case report by Puente

|80

et al.”" achieved a partial cutaneous tumor response after two cycles

of trastuzumab chemotherapy and a daily dose of oral sunitinib.

5.8.3 | Pembrolizumab

Pembrolizumab is an immunomodulator used in the treatment of
TNBC.?! It is given as an intravenous infusion every 3 or 6 weeks. It is
an antibody targeted against the PD-1 ligand (PD-L1), a surface
molecule expressed in many solid tumors, that inactivates antitumor
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immune responses in T cells.? It was described in a case report by

one of our coauthors, Yuan et al.,®"

who used pembrolizumab in
conjunction with a p53MVA vaccine.®* The p53MVA vaccine was
designed to present p53 as an antigen to trigger antitumor activity by
the immune system. The patient in this study had previously failed
various chemotherapy regimens.®! After she received the p53MVA
vaccine in conjunction with pembrolizumab, she had complete
regression of her cutaneous metastases within 9 weeks. Interestingly,
she had continued metastatic control by the end of the study's

33-week follow-up period.®*

5.8.4 | Intracellular phosphatidylinositol-3-kinase

Intracellular phosphatidylinositol-3-kinase (PI3K) has been studied in
a Phase | clinical trial by Blagden et al.?” for its role in cell regulatory
pathways. In this trial, a Class | PI3K inhibitor CH51327799 was
prescribed orally to patients with advanced solid tumor cancers.
Findings from this study did not achieve an objective response rate,
but found one TN breast cancer patient to have improved cutaneous

lesions for six cycles.®?

5.8.5 | CAR-T therapy

Chimeric antigen receptor T-cell (CAR-T) therapy employs genetically
engineered T cells to produce artificial T-cell receptors targeted for
specific proteins.®® Tchou et al.?* investigated the use of c-Met, a
hepatocyte growth factor receptor expressed in solid tumors
including breast cancer. In this Phase O study, genetically modified
c-Met CAR T cells were injected intratumorally and were found to be
a viable and provide a safe avenue of treatment for CMBC.5* A Phase
| trial for the use of intravenous mRNA c-Met-CAR T cells was
recently completed on four metastatic breast cancer and three
melanoma patients which resulted in four cases of stable disease and
three cases of progressive disease.®”

5.8.6 | Oncolytic viral therapy
Oncolytic viral therapy is a growing area of interest in breast cancer
treatment, with current studies studying its use as a single agent
immune-virotherapy, or in combination with existing immunothera-
pies. Oncolytic viruses are natural or artificially modified viruses that
selectively infect and replicate in tumor cells, sparing normal cells,
and resulting in tumor lysis.®® Two broad classes of oncolytic
virotherapy exist: nonreplicating and replicating viruses.
Nonreplicating viruses act as vectors that deliver toxic antitumor
genes or genes that activate cancer prodrugs given in combination
therapy.®” The most widely studied are 1) the herpes simplex virus
(HSV)-thymidine kinase (TK) gene given with prodrug ganciclovir, and
the cytosine deaminase gene, given with prodrug 5-flucytosine.?’
Both strategies are currently in human clinical trials.

Replicating oncolytic viruses are engineered to specifically target
and replicate within cancer cells. These produce direct cancer-killing
through tumor cell lysis and indirectly, by activating the local tumor
environment to express more checkpoint targets and recruit effector
immune cells.®” The most widely studied replicating oncolytic viruses
for breast cancer are adenovirus, HSV, and vaccinia virus (VACV).®”
Similarly, in a pilot study by Kimata et al., HSV type 1 mutant, HF10,
was injected intratumorally into cutaneous metastases in six breast
cancer patients.®® This study found HF10 to have a 30%-100%
histologic malignant cell death rate compared to a 0% cell death rate
in saline injection controls.®® A number of other oncolytic viruses are
now being tested in humans as treatments for locally recurrent breast

cancer.

5.9 | Other novel agents
Other novel agents in the literature include bacterial-derived
recombinant antibody toxin scFv(FRP5)-ETA. This agent has specific-
ity for ErbB receptors, which are overexpressed in tumor cells.
Azemar et al.,®® demonstrated intratumoral injection of scFv(FRP5)-
ETA to reduce cutaneous tumor size in 6 out of 10 CMBC, colorectal,
and melanoma patients.

Topical calcipotriol therapy is another agent that uses vitamin D
to inhibit cellular proliferation in vitro.2” A study by Bower et al.,%’
used topical calcipotriol on 19 patients, and found as high as a 50%

reduction in tumor diameter.

6 | DISCUSSION

Currently, there is no clear protocol for treating cutaneous metasta-
ses in breast cancer and limited data regarding the role of cutaneous
metastasectomy. The presence of concomitant visceral metastases in
patients diagnosed with CMBC will determine overall survival, but
the incidence of this is unknown. Anecdotally, we have noticed that
patients presenting with extensive cutaneous metastases usually do
have visceral metastases. At our cancer institute, we are currently
establishing a retrospective database, studying all our cutaneous
metastases patients from 2010 to present, to ascertain the incidence
of concurrent visceral metastases. Without this information, it is hard
to determine whether a patient presenting with a limited number of
cutaneous metastases represents oligometastases. The concept of
oligometastases has been around for over a century, but has recently

experienced a revival.”®

Oligometastases is the concept that limited
spread of disease represents all the metastatic foci the patient has or
will ever develop.”® This is in contrast with the idea that these lesions
represent the early manifestation of what will become widely
disseminated disease.”® Clearly patients with oligometastases would
be more suitable candidates for surgical excision.

A major concern for surgical treatment is the potential for rapid
recurrence after excision. It has been suggested that rapid recurrence

may result from local therapy, leading to the recruitment or activation
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of previously quiescent cancer cells.”® We did not find this to be a
common problem in the literature. Positive surgical margins are
known to be a predictor for local failure in curative-intent
metastasectomy literature.”” Unlike with primary skin cancers, such
as melanoma or squamous cell carcinoma, where there are specific
guidelines on margins of excision, the surgical approach to cutaneous
metastases is uncommon and arbitrary. These patients may have had
previous breast reconstruction or mastectomy with or without
reconstruction. There may be a lack of enthusiasm to cause a large
chest wall defect that may require complex reconstruction in a
patient with recurrent disease. We recently reported a case series
describing our experience with a local thoracoabdominal advance-
ment flap, that allows for immediate chest wall coverage after radical
mastectomy, from fungating breast cancer.* This technique could
potentially allow a wider area of resection of cutaneous metastases
with minimal morbidity in some cases (Figure 6A-D).

Other considerations for surgical management of CMBC is the
limited value in patients with concomitant visceral metastases.
Metastasectomy should perhaps be restricted to those with skin
and subcutaneous tissue involvement only, since this would have the
greatest impact on overall cytoreduction. A retrospective study by
Hu et al.?? found CMBC patients without visceral metastases to have
1-, 3-, 5-, and 10-year cumulative survival rates of 79%, 51%, 37%,
and 11%. Given the long-term survival rates in this study, definitive

surgical management may be a feasible treatment option for CMBC
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patients with metastases confined to the skin. Furthermore, for
patients maintained on systemic therapy for visceral metastases,
these medications are often held before surgery to allow healing,
which would lead to worsening of the overall metastatic disease
control.

Surgery is a potentially viable method of local control of
cutaneous metastases, provided negative margins can be achieved.
This means that only cutaneous metastases that occupy a limited
area that can be primarily closed or reconstructed with local skin
advancement or flaps should be considered. In general, we recom-
mend an elliptical excision where primary closure is possible
(Figure 3A) Cutaneous metastases close to a previous mastectomy
scar could be resected with wide margins (Figure 6A) and closed
using a local thoracoabdominal advancement flap (Figure 6C,D). Split
thickness skin grafts can also be considered and is a relatively low

30

morbidity surgery.”” Where larger extensive areas of skin are

involved, we would not recommend surgical resection
(Figure 3B-D). As long as the selection of candidates is reasonable,
the morbidity of metastasectomy in CMBC should have low
morbidity.”? This is in contrast to metastasectomy in the setting of
thoracic or cerebral metastases. If the skin lesions are limited, surgery
may achieve such high rates of cytoreduction that disease-free
survival is improved.

With regard to nonsurgical modalities, a consensus on which

therapies to use has yet to be established due to the paucity of data.

(©)

FIGURE 6

(D)

(A-D) This 67-year-old female with skin metastases (A) presenting 2 years after right mastectomy (B). She underwent wide local

excision and closed with local thoracoabdominal advancement flap (C) followed by chest wall radiation. She is free of local recurrence at 3 years
but has since developed contralateral axillary metastases and pulmonary metastases (D)
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FIGURE 7 Proposed cutaneous metastases treatment algorithm

Most publications involve only a small number of patients and are
largely case reports and case series. The general consensus is that
management of cutaneous metastases in the setting of any primary
cancer should be based on the extent of disease. Patients with
visceral metastases tend to have a worse prognosis and should
undergo systemic therapy. In breast cancer patients the decision for
chemotherapy versus aromatase inhibitors is dependent on tumor
phenotype. For HER2 + breast cancer patients, trastuzumab, ado-
trastuzumab emtansine, and lapatinib have demonstrated to be
effective in reducing cutaneous lesions in several case reports.” >°
Patients with ER + disease are better suited for aromatase inhibitors,
either as the initial treatment or as maintenance therapy following
disease control by other systemic and local therapies.®® °°

Local nonsurgical therapy should be reserved for patients
without visceral metastases or in extensive disease requiring
symptom palliation. These include patients who have bone or
cerebral metastases but also extensive drainage from their cutaneous
metastases (Figure 3C). In both cases, the more common approach is
multimodal therapy consisting of radiotherapy and chemotherapy.
The remaining modalities are rarely available and only a few centers
have access. Of them, topical therapies are the next most trialed
modalities, used exclusively as adjuvant therapy. The most widely
studied is imiquimod, with more recent studies demonstrating the
potential for oxygen flow-assisted topical administration of metho-
trexate 5% (OFAMTX5%) and topical 5-fluorouracil used in

combination with cryotherapy. Less commonly used in clinical
practice are photodynamic therapy and ECT. Yet, they are some of
the more commonly studied modalities in the literature. While both
have demonstrated symptomatic relief in recent case studies, it is not
discernable how each is chosen. This may be based on each
institutions’ access to facilities and clinical expertise, to enable them
to perform these procedures. Notably, photodynamic therapy is
reserved for smaller, more superficial lesions in the earlier stages of
disease progression.>*

Of the newer and less studied therapies, oncolytic viral therapy,
pembrolizumab, and CAR-T cell therapy have all shown the most
promise; however, these remain in the “experimental” stages of
development. At our institution, we have access to all three of these
modalities and it is our hope to publish data in the near future, to

establish their effectiveness in this challenging problem.

7 | CONCLUSION

Cutaneous metastases are a relatively common occurrence in
patients with breast cancer. There are a range of treatment
modalities, with varying levels of effectiveness and there is no data
suggesting any one particular method to be superior.

We believe there is a need for well-designed clinical trials
comparing treatment protocols that focus on improving quality of life
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and long-term survival. In particular, we suggest the role of surgical
resection in limited cutaneous metastasis be investigated as an initial
management approach, given its potential to both palliate symptoms
such as bleeding, drainage, and pain, and potential to cure select
patients. We present a potential algorithm with surgical resection as
the first-line option (Figure 7). We propose that to proceed with
surgery, the following criteria must be fulfilled: 1. Absence of visceral
metastases; 2. The involved area should be resectable, with a goal of
margin-free resection; (involved margins may be responsible for some
reported “rebound” phenomena); 3. The resulting defect should be
amenable to primary closure or local options for soft tissue/skin
coverage; and 4. The patient must be a surgical candidate and willing
to undergo surgical resection. Furthermore, we suggest that surgical.
excision should be followed by adjuvant therapy with radiation or
chemotherapy.

We are currently trying to design a prospective clinical trial to
look at surgical excision of limited cutaneous metastases, for
instance, a single nodule. Given the heterogeneity of the presentation
of CMBC, such a trial is proving to be a challenge to implement. The
ultimate goal is to develop a standard of care that will give these
patients the best quality of life and, potentially, improve survival with

this challenging condition.
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